Rib fractures are one of main causes of chest or flank pain when related to an osteoporotic vertebral compression fracture (OVCF). The authors investigated the incidence and risk factors of rib fracture in 284 patients with OVCF using bone scans and evaluated the feasibility as to whether bone scans could be utilized as a useful screening tool. Hot uptake lesions on ribs were found in 122 cases (43.0%). The factors analyzed were age, sex, number and locations of fractured vertebrae, BMD, and compression rates as determined using initial radiography. However, no statistical significances were found. In 16 cases (5.6%), there were concurrent multiple fractures of both the thoracic and lumbar spines not detected by single site MRI. Sixty cases (21.1%) of OVCF with the a compression rate of less than 15% could not be identified definitely by initial plain radiography, but were confirmed by bone scans. It is concluded that a bone scan has outstanding ability for the screening of rib fractures associated with OVCF. Non-adjacent multiple fractures in both thoracic and lumbar spines and fractures not identified definitely by plain radiography were detected on bone scans, which provided a means for determining management strategies and predicting prognosis.
INTRODUCTION
Osteoporosis is a systemic musculoskeletal disease that gradually reduces bone mineral density (BMD) and changes bone microarchitectures (1) . Vertebral compression fractures are one of the most common osteoporotic fractures with an incidence of 700,000 cases per year in the United States (2) , and in South Korea the incidence of osteoporotic fractures is on the rise (3) .
Regarding the treatment of an osteoporotic vertebral compression fracture (OVCF), conservative treatments like bed rest, medication, and braces used to be the norm. However, for persistent-painful OVCF resistant to conservative treatments, percutaneous vertebroplasty and kyphoplasty are now considered the treatments of choice, because both have been demonstrated to achieve satisfactory pain relief in the majority of OVCF patients (4) . However, a significant proportion of OVCF patients complain of consistent chest or flank pain (5) , and experience no meaningful pain relief even after percutaneous vertebroplasty or kyphoplasty, whereas others experience some relief of back pain, but still suffer from continuous chest or flank pain.
In a previous study, the authors found that rib fractures are one of main causes of persistent chest or flank pain (6) . In fact, rib fractures are one of the most common osteoporotic nonvertebral fractures in the elderly (7) . And it has been reported that the presence of a rib fracture is associated with an elevated risk of new osteoporotic fractures (8) . Therefore, the authors sought to document the frequency of rib fractures in OVCF patients and to identify factors that affect their occurrence by conducting bone scans. In addition, the authors tried to confirm the efficacy of bone scan as a screening tool for OVCF. Therefore, we analyzed cases of non-adjacent multiple fractures unconfirmed by single-site MRI scans due to the co-occurrence of OVCF in the thoracic and lumbar spines. In addition, the authors investigated cases of fractures that might have been overlooked due to the indication of minute reductions in anterior height at initial plain radiography, noting the report that fracture diagnosis is delayed or neglected in about 25 to 50% of OVCF patients (9) .
MATERIAL AND METHODS

Subjects
A total of 545 patients with acute OVCF confirmed by MRI or CT underwent percutaneous vertebroplasty or kyphoplasty at our hospital from January 2006 through March 2010 due to unresponsiveness to conservative management. Vertebral compression fractures with osteoporosis and those caused by minor external forces even though bone mineral density (T-score) was greater than -2.5 were considered to be OVCF. 134 of them with a pathologic fracture, prior experience of vertebroplasty or ky- phoplasty, or in need of surgical treatment during follow-up were excluded. In addition, hot uptake on a bone scan can last up to 2 yr after fracture (10) . Therefore 42 patients with a history of OVCF within the previous 2 yr were excluded to differentiate old fractures, and 85 patients ineligible for a bone scan were also excluded. The remaining 284 patients were subjected to this study.
ORIGINAL ARTICLE
Evaluation and analysis methods
A single nuclear medicine specialist was in charge of reading bone scan images. Rib fracture occurrence was recorded regardless of how many hot uptakes were present in ribs (Fig. 1) . In order to explore factors potentially affecting the presence of rib fracture, the factors analyzed were age, sex, number and locations of fractured vertebrae, the bone mineral density (T-score), and compression rates as determined using initial radiography. Regarding the influence of age, patients were divided into two groups of greater than 80 yr and less than 80 yr, and then into four groups of patients aged under 60 yr, 60-69 yr, 70 to 79 yr, and over 80 yr. In order to determine whether number of fractured vertebrae affected the occurrence of rib fracture, patients were divided into groups based on the presence of a single OVCF or multiple OVCF. Also, analyses were done for thoracic fractures, lumbar fractures, and combined fractures in thoracic & lumbar spines to determine the influence of OVCF site on the presence of rib fractures. To confirm the influence of the bone mineral density, patients with BMD (L1-L4, T-scores) of greater than -2.5 and less than -2.5 were compared. Regarding the initial amount of anterior height loss, patients were divided into two groups of anterior height loss greater than and less than 15%. Pearson's chi-square test was conducted to investigate the correlation between the prevalence of rib fracture and each of the above-mentioned factors. Statistical analysis was performed using SPSS ver. 21.0.
The authors then tried to determine the efficacy of a bone scan as a screening test on approaching for OVCF by investigating cases of non-adjacent multiple fractures and minimal height loss fractures. Fractures of non-adjacent sites on the thoracic and lumbar spine were not detected in single site MRI images taken just after trauma, but were detected by a bone scan (Fig.  2) . Also, in order to confirm the usefulness of a bone scan for identifying fractures that could be missed by plain radiography, frequencies of compression fracture with less than 15% anterior height loss were investigated among patients with a single OVCF (Fig. 3) . Amounts of anterior height loss were assessed by calculating the difference between estimated anterior height of vertebra before fracture occurrence and anterior height determined by initial plain radiography. The mean heights of vertebrae su- perior and inferior to fractured vertebrae were used to estimate anterior heights of fractured vertebrae before fracture occurrence.
Ethics statement
The present study was approved by the institutional review board of Gil Medical Center, Gachon University (IRB No. GCIRB2014-349). Informed consent was waived by the board.
RESULTS
Analysis of subjects
Mean patient age was 71.3 (± 8.6). The number of patients aged under 60 was 24 (8.5%), while that of patients in their 60s was 82 (28.9%). Patients in their 70s accounted for the largest proportion (129/45.4%) of the study subjects, and 49 patients were over 80 (17.3%). There were 63 (22.2%) males and 221(77.8%) females of mean age 70.1 (± 9.2) and 71.4 (± 8.4) yr respectively. Average bone mineral density (T-score) was -2.54 (± 1.49). Vertebroplasty was performed on 43 of them and kyphoplasty on 241 patients. There were 114 cases of thoracic fracture, 133 cases of lumbar fracture, and 37 cases of both thoracic and lumbar fracture. And there were 204 cases of single fracture (71.8%), 52 cases of two-vertebral fractures (18.3%), and 28 cases of three or more vertebral fractures (9.9%).
Analysis of the frequency of rib fracture and its risk factors
A total of 122 patients (43%) showed hot uptakes in ribs (Fig. 4) The above-mentioned analyses showed differences in rib fracture frequencies, but no statistically significant differences were found (Table 1) .
Effectiveness of bone scan as a screening test
At our center, thoracic MRI is used to examine C7 to L1 and lumbar MRI to examine T11 to S1. Sixteen (5.6%) patients were scheduled to undergo vertebroplasty or kyphoplasty under the diagnosis of a single site OVCF based on thoracic or lumbar MRI scans. However, hot uptakes in multiple spinal locations were found later by bone scans, and so their treatment plans were changed. In addition, 60 cases (21.2%) not cleared because anterior height losses of under 15% were not recognized definitely by initial plain radiography were confirmed later to have OVCF on bone scan images.
DISCUSSION
In general, the most common sites of osteoporotic fractures are vertebrae, proximal femur, and distal radius. Sontag et al. (11) reported that vertebral fractures and distal radius fractures accounted for 66% of initial osteoporotic fractures in their study on post-menopausal women. Also, proximal femur fractures accounted for a mere 2.2% of initial osteoporotic fractures, and the frequency of rib fracture was higher than that of proximal femur fracture. Barret-Connor et al. (8) in a prospective cohort study found that the rib is the most common site for osteoporotic non-vertebral fractures, and that rib fractures account for around 24% of total fractures. They also reported that a history of rib fracture increased the risks of an additional rib fracture, a hip fracture, or a distal radius fracture by more than two-fold, and thus, highlighted the significance of rib fracture. In a previous study conducted at our center, the frequency of rib fracture in OVCF patients was 57.7% and in the present study the frequency was 43%, which is reaffirming that the rib is a common site for osteoporotic fractures (6) . The authors consider that the present study was conducted on patients who had undergone vertebroplasty or kyphoplasty, which is why the frequency rate of rib fracture at our center is high, compared to other studies. Regarding to factors that affect the occurrence of rib fractures, Siris et al. (12) in a cohort study of 170,083 women found that a low BMD increases the risks of all types of osteoporotic fractures, and reported that the risk of OVCF increases with age. Barrett-Connor et al. (8) proposed that an age over 80, a low BMD, a history of fracture before age 50, and injuries from falls are risk factors of rib fracture, but in the present study, no apparent correlation was found between age and rib fracture and no statistical relation was found between BMD and rib fracture. In addition, factors presumed to be correlated with the occurrence of rib fracture, that is, sex, number and locations of fractured vertebrae, and initial amount of anterior height loss, were not found to be statistically significant, but they were associated with rib fracture frequency. Accordingly, further studies are needed on larger number of patients.
To diagnose rib fractures, conventional methods, such as, history-taking, chest PA and rib series are employed, but these methods are considered nonspecific and comparatively inaccurate (13, 14) . Diagnostic ultrasonography was introduced to increase the accuracy of recognizing rib fractures, but the technique remains controversial (15) . On the other hand, a bone scan has high sensitivity for the diagnosis of occult fractures (16) , and for detecting systemic skeletal diseases or metastatic bone tumors (17) . Therefore, bone scan is useful for confirming the occurrence of associated diseases in older patients with OVCF. Manyard et al. (10) stressed the usefulness of bone scan as a means for predicting favorable clinical outcomes, based on the rationale that strong hot uptake by bone scan is highly predictive sign of clinical response to vertebroplasty.
MRI is highly sensitive at detecting bone edema induced by micro fracture, which difficult to be recognized on plain radiographs or CT scans (18) , and MRI is indispensable for confirming degrees of soft tissue injury like injuries to the posterior ligament complex or an intervertebral disc. However, MRI is usually performed at a single-site due to its cost, which causes to be unable to detect unexpected additional lesions that were no adjacent to OVCF recognized by initial plain radiography. In this regard, bone scan is more useful for the detection of unexpected additional OVCF because it provides whole body images.
In most OVCF cases, fractures are triggered by minor trauma and degrees of vertebrae compression are slight, which makes fractures indistinct on plain radiographs. Delmas et al. (19) in a multi-center study reported that fractures were not diagnosed by initial plain radiography in 29.5-46.5% of patients with a vertebral fracture, and urged surgeons to be cautious when diagnosing OVCF. This is why most surgeons are now conducting imaging studies in addition to plain radiography when diagnosing OVCF. Accordingly, bone scans provide a powerful means of screening for OVCF, considering the shortcomings of MRI mentioned above.
In the present study, the authors were able to confirm the frequency rate of rib fractures radiologically, but clinical assessments based on treatment results and outcomes were not conducted, and thus, additional studies are considered necessary. Regarding problems associated with bone scan, there is a possibility that hot uptakes may be observed for 2 yr after fracture (10) , which increases the risk of false positive findings. For this reason, patients with less than a 2-yr history of osteoporotic fractures were excluded from the present study. On the other hand, during the early stage, false negative results can be obtained (20) .
Rib fractures do not infrequently accompany OVCF, and when accompanied, chest or flank pain can remain after vertebroplasty or kyphoplasty. Furthermore because rib fracture per se increases the risk of additional osteoporotic fracture, confirmation of its existence is necessary. The authors recommend that bone scans should be performed for the diagnosis of rib fracture accompanying OVCF. And bone scans have outstanding screening ability for patients with concurrent non-adjacent multiple fractures of the thoracic and lumbar spines or fractures not definitively detected by plain radiography.
